The effect of dietary supplementation with Apacox (Apa-CT, s.r.l. Italy), a commercial preparation of herbal extracts, on the performance of broiler chickens experimentally infected with 6 × 10 4 sporulated oocysts of Eimeria tenella at 14 days of age, was evaluated. A total of 150 dayold Cobb-500 chicks separated into 5 equal groups with three replicates each, were used. Two of the groups, one challenged with E. tenella oocysts and the other not, were given a basal diet and served as controls. The remaining groups that were also challenged with E. tenella were administered a basal diet supplemented with Apacox at levels of 0.5 or 1.0 g·kg -1 or the anticoccidial lasalocid at 75 mg·kg -1 . Throughout the experimental period from day 1 to day 35, performance parameters including body weight gain, feed intake, feed conversion ratio, mortality, caecal lesion score, bloody diarrhoea and oocyst output were recorded. Dietary supplementation with Apacox attained higher body weight gain and lower feed conversion ratio values than the non-supplemented challenged control group. The lasalocid and the non-challenged control groups exhibited body weight gain and feed conversion ratio values that did not significantly differ from each other, and were better than in the Apacox groups. Bloody diarrhoea was observed in all challenged groups except for the Apacox group at the dose of 1.0 g·kg -1 diet, where it was milder and the lasalocid group where it was very weak. The mortality in the challenged control group was 23.4% whereas in the Apacox group at the dose of 1.0 g·kg -1 , 13.4%. The caecal lesion scores of the Apacox groups were not significantly different from that of the challenged control group. The numbers of oocysts per bird in the Apacox groups were lower than that in the challenged control group but higher than that in the lasalocid group. These results indicate that Apacox exerted a coccidiostatic effect against E. tenella. This effect was, however, significantly lower than that exhibited by lasalocid. broiler chickens / herbal extracts / coccidiosis / performance / Eimeria tenella Résumé -Effet d'un mélange d'extraits d'herbes incorporé dans l'aliment de poulets de chair, sur le développement d'une coccidiose due à Eimeria tenella. Dans ce travail, nous avons étudié * Corresponding author: bots@vet.auth.gr 138 E. Christaki et al.
INTRODUCTION
Coccidiosis is one of the most detrimental diseases in poultry due primarily to impaired feed conversion, depressed growth rate and, sometimes, increased mortality [13] . In order to avoid the potential for coccidiosis outbreak and the resulting financial loss, broiler chickens are continuously medicated with coccidiostatic drugs, predominately ionophore antibiotics, added in feeds. However, concern has been expressed regarding the routine use of these antibiotics in feeds due mainly to the emergence of resistant coccidial strains [5] . In addition, the use of antibiotic feed additives in general is being phased out in Europe and only a few coccidiostatic drugs remain as nonprescription feed additives [8] . If all coccidiostatic feed additives are withdrawn from use, alternative feeding strategies should probably be introduced to restrict the adverse effects of coccidia on production, although vaccines are already available. There is, therefore, a need for intensive research into the identification and evalua-tion of alternatives to traditional coccidiostatics that would satisfy consumer demands and would be closer to environmentally friendly farming practices.
Some natural products have already been tested for their potential to provide protection against or modulate the effects of coccidial infections. Allen et al. [1] reported that dried leaves of Artemisia annua could provide significant protection against intestinal lesions caused by E. tenella. Youn and Noh [20] found that Sophora flavescens extracts were more effective than Artemisia annua against E. tenella infection in chickens. Giannenas et al. [9] reported that the essential oil of oregano, an aromatic plant of the Labiatae family, exhibited coccidiostatic action against E. tenella when incorporated into chicken diets at the level of 300 mg·kg -1 .
The aim of the present study was to investigate the effect of a dietary mixture of herbal extracts on the performance of broiler chickens experimentally infected with Eimeria tenella, a highly pathogenic Eimeria species that causes caecal coccidiosis. The Herbal extracts and chicken coccidiosis 139 herbal extracts used in this study constitute the active components of Apacox (APA-CT, s.r.l., Italy), a naturally derived nutrition enhancer that contains extracts from the plants Agrimonia eupatoria, Echinacea angustifolia, Ribes nigrum and Cinchona succirubra.
MATERIALS AND METHODS

Animals and housing
A total of 150 day-old Cobb-500 chicks were randomly allocated into 5 equal groups with three subgroups of 5 males and 5 females each. Each subgroup was housed in separate wire suspended cage equipped with an infrared lamp. Temperature was gradually decreased from 32 °C on day 1 to 22 °C on day 21 and then kept constant. The lighting regimen provided 24 h of continuous light per day. The birds were vaccinated against Newcastle disease and infectious bronchitis on day 10 of age and against Gumboro disease on day 17 of age.
Dietary treatments
To meet the nutrient requirements of the broiler chickens during the experimental period from day 1 to day 35, a complete basal diet was formulated. Table I presents the ingredients and the composition of the basal diet. It contains neither antibiotics (or growth enhancers) nor coccidiostats. The chemical composition was determined according to AOAC [2] . The diet was presented in a mashed form. Based on this basal diet, additional diets were prepared by incorporating Apacox at levels of 0.5 and 1.0 g·kg -1 feed or the anticoccidial lasalocid sodium at 75 mg·kg -1 feed, at the expense of corn gluten feed.
Two of the five groups, one challenged with E. tenella and the other not, were given the basal diet, and served as controls. From the remaining three groups that were challenged with E. tenella, two were administered the Apacox supplemented diets, while the third the lasalocid diet. Each diet was given from day 1 to day 35 of age. Feed and drinking water were offered to birds ad libitum. 
Experimental infection with E. tenella
Challenge of chickens with E. tenella was carried out at 14 days of age. A reference stock of E. tenella oocysts propagated in chickens was used. To induce sporulation, the oocysts were preserved in 2% potassium dichromate solution, and kept refrigerated at 3-5 °C until use. Challenge of each bird was carried out by administering a 2-mL suspension of 6 × 10 4 sporulated oocysts of E. tenella in saline water directly into the crop via an oral gavage. All birds of the non-challenged control group were also administered a 2-mL suspension of saline water.
Performance parameters
All chicks were individually weighed at the time of their placing into the cages and on days 7, 14, 21, 28 and 35 of age. Four hours prior to bird weighing, the diets were removed and feed consumption within each subgroup was determined. Feed conversion ratio values were calculated weekly as the ratio of feed intake to weight gain. Mortality was recorded daily in each subgroup.
Seven days after the challenge, the evaluation of the caecal lesions was carried out in nine chicks of each group. A lesion score was assigned from 0 to 4, where 0 corresponds to the normal status with no gross lesions, 1 to small scattered petechiae, 2 to numerous petechiae, 3 to extensive haemorrhage, and 4 to extensive haemorrhage that gives a dark colour to the caecal intestine [11] . Dead birds were given the score of 4.
Bloody diarrhoea was determined daily from day 17 to day 21 of age. The extent of bloody diarrhoea was determined according to Youn and Noh [20] by assigning it one of five levels, where the zero level is the normal status, 1 corresponds to less than 25%, 2 to 26-50%, 3 to 51-75%, and 4 to over 75% bloody faeces in total faeces over each 24 h.
Oocyst counts were determined in excreta samples taken from each subgroup at days 7 and 14 of age, and daily from day 20 to day 26 of age. A clean polyethylene sheet placed daily under each cage was used for the collection of excreta for oocyst analysis. Total faecal samplings over each 24 h from each subgroup, were placed in separate airtight plastic bags, homogenised thoroughly with a domestic mixer, and kept refrigerated until assessed for total oocyst counts. Homogenised samples were ten-fold diluted with tap water to be further diluted with saturated NaCl solution at a ratio of 1:10. Oocyst counts were determined using McMaster chambers and presented as the number of oocysts per bird [10] .
Statistical analysis
Data were subjected to analysis of variance (ANOVA) in the general linear model using the SPSS 10.05 statistical package (SPSS Ltd., Woking, Surrey, UK). When significant treatment effects were disclosed at a probability level of P < 0.05, the Tukey test was applied in order to determine the statistical differences between means [16] . The homogeneity of the variances was tested by the Bartlett test. For values not normally distributed, the non-parametric analysis of Kruskal-Wallis was employed.
RESULTS
Body weight gain, cumulative feed intake and feed conversion ratio values at the age of 14 days did not differ among treatments (Tab. II). At the age of 21 days that is 7 days after the challenge with E. tenella, mean body weight gain in the challenged control group turned out to be lower than in all other groups. At this age, mean body weight gain values in the Apacox groups, although higher than in the challenged control group, were lower compared to the non-challenged control group and the lasalocid group that in turn did not significantly differ from each other. Feed conversion ratio values in the non-challenged control group and the lasalocid group were the lower among all groups. The Apacox groups exhibited better feed conversion ratio values compared to the challenged control group. At the ages of 28 and 35 days, these profiles did not change.
Four days after the challenge, bloody diarrhoea was observed in all challenged groups except for the lasalocid group where it started one day later and was very weak (Tab. III). The intensity of bloody diarrhoea was lower in the Apacox groups than in the challenged control group, and was similar between the two doses of Apacox.
Seven days after the challenge, mortality in the non-challenged control and the lasalocid groups was zero, and in the chal-lenged control group was 23.4% (Tab. III). The Apacox group at 0.5 g·kg -1 diet presented a mortality of 16.7%, whereas that at 1.0 g Apacox·kg -1 a mortality of 13.4%. The challenged control group and both the Apacox groups did not significantly differ in mortality.
The caecal lesion score in the Apacox groups did not significantly differ from that of the challenged control group. The lasalocid group presented a lower caecal lesion score compared to all other challenged groups except the Apacox group at 1.0 g·kg -1 (Tab. III). The numbers of oocysts per bird in the Apacox groups (Tab. IV) were lower than in the challenged [20] by assigning it one of five levels, where the zero level is the normal status, 1 corresponds to less than 25%, 2 to 26-50%, 3 to 51-75%, and 4 to over 75% bloody faeces in total faeces over each 24 h. *Values in the column do not differ significantly (P > 0.05) by non parametric analysis of Kruskal-Wallis. control group from day 21 to day 26 of age but similar at day 20. Moreover, Apacox at 1.0 g·kg -1 had lower numbers of oocyst output compared to Apacox at 0.5 g·kg -1 at days 21 to 23 of age. The numbers of oocysts per bird in the lasalocid group were always lower compared to all other challenged groups (Tab. IV).
DISCUSSION
Infection with E. tenella significantly reduced body weight gain and feed intake, and increased feed conversion ratio values highlighting the detrimental effect of the infection with this parasite on broiler performance. The Apacox treatment exerted a beneficial effect by significantly improving body weight gain and feed conversion ratio values compared to the challenged control group. However, there were no significant effects on mortality and caecal lesion score. The numbers of excreted oocysts in the Apacox groups were significantly lower than in the challenged control group from day 21 to day 26 of age.
Treatment with Apacox at 1.0 g·kg -1 significantly reduced the amount of blood observed in the faeces compared to both the Apacox at 0.5 g·kg -1 and the challenged control groups, whereas it presented a comparable caecal lesion score with the lasalocid group. It also had a significantly lower number of oocyst output compared to Apacox at 0.5 g·kg -1 at days 21 to 23 of age. Based on these results, one could speculate that there might be a dose response trend for Apacox to reduce the impact of infection to chickens by exerting a coccidiostatic effect against E. tenella. However, there were no significant differences between the Apacox levels for body weight gain, feed intake, feed conversion ratio values, lesion score and mortality. Additional experimentation with the administration of Apacox to unchallenged chickens might give an answer to whether the increase in body weight and the corresponding effect on feed conversion ratio was due to an appetite enhancing effect or an anticoccidial effect, since the appetite enhancing effect of herbal extracts is well known and documented. However, such a treatment was not included in the experimental protocol.
Some herbal extracts have already been shown to possess a coccidiostatic activity [1, 20] . Extracts and essential oils from aromatic plants are of interest for coccidiosis because several studies have shown substantial antimicrobial and antioxidative activity [3, 4, 7, 12, 15, 19] . This biological activity has been mainly attributed to phenolic components. In vivo and in vitro tests have shown [18] that phenols can be specifically used as oocysticides against E. tenella. The antimicrobial effects of phenols, known for more than a century, are targeted against the bacterial cell wall affecting the cell wall structure. Phenols interact with the cytoplasmic membrane by changing its permeability for cations, like H+ and K+ [14] . The dissipation of ion gradients leads to the impairment of essential processes in the cell, allows leakage of cellular constituents, resulting in water unbalance, collapse of the membrane potential and inhibition of ATP synthesis, and finally cell death [17] .
Herbal extracts may easily become popular, because they are not synthetic products. However, they have to be extensively investigated in terms of their mechanisms of action, efficacious level of administration and clinical effects. Halofuginone, for example, is derived from an extract of the Dichroa febrifuga. The original extract is known for antimalarial and coccidiostatic activity but for long was not marketed because of a very narrow safety margin at the dose of 3 ppm [20] . Issues of safety, toxicity and side effects for medicinal herbs should be standardised and their extraction should also be properly controlled and manufactured before wide use in animal diets [6] .
CONCLUSION
The results of the present study suggest that treatment with Apacox could alleviate the impact of parasite infection on broiler chickens by exerting a coccidiostatic effect against E. tenella, which, however, was significantly lower than that exhibited by lasalocid. Further research is needed to examine the composition of the examined mixture of herbal extracts, to identify the active components and to elucidate their mechanism of action.
